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(54)  Control  system  for  vehicle  automatic  t ransmission 

(57)  A  control  system  of  a  vehicle  automatic  trans- 
mission.  An  engine  load  and  a  vehicle  speed  are 
detected  and  based  on  them,  a  vehicle  acceleration  to 
be  obtained  from  the  detected  engine  load  and  vehicle 
speed  is  determined  in  accordance  with  the  preestab- 
lished  characteristics.  An  actual  vehicle  acceleration  is 
at  the  same  time  calculated  in  response  to  the  detected 
vehicle  speed.  The  difference  therebetween  is  then  cal- 
culated  and  the  calculated  value  is  added  to  a  difference 
calculated  earlier  to  obtain  an  average  therebetween. 
Five  gear  shift  scheduling  maps,  for  example  one  for 
moderate  hill  climbing,  one  for  level-road  running,  one 
for  steep  hill  descent,  are  preestablished  and  in 
response  to  the  average  obtained,  one  of  the  maps  is 
selected.  A  gear  shifting  is  controlled  based  on  the 
selected  map.  In  a  specific  condition  such  as  the  engine 
load  changes  abruptly,  braking  is  in  progress  and  so  on, 
the  map  selection  is  suspended  and  the  control  is  car- 
ried  out  using  the  map  selected  earlier. 

FIG.  1 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  control  system  for  a  vehi- 
cle  automatic  transmission,  and  more  particularly  to  a 
control  system  for  a  vehicle  automatic  transmission 
which  improves  the  gear  shift  control  characteristics 
during  hill  climbing  and  descent. 

Description  of  the  Prior  Art 

Most  control  systems  for  vehicle  automatic  trans- 
missions  use  a  gear  shift  scheduling  map  prepared  in 
advance  and  the  gear  to  be  selected  is  determined  by 
retrieval  from  this  map  using  as  address  data  an  operat- 
ing  condition  parameter  indicating  the  engine  load  (e.g. 
the  throttle  opening)  and  an  operating  condition  param- 
eter  indicating  the  vehicle  speed.  However,  the  gear 
shift  map  is  based  on  the  most  commonly  encountered 
driving  conditions  and  is  therefore  not  always  able  to 
provide  the  best  gear  shift  characteristics  under  special 
conditions,  as  when  driving  up  or  down  hill,  for  instance. 
A  system  that  has  been  proposed  for  overcoming  this 
problem  is  that  taught  by  Japanese  Patent  Publication 
No.  Sho  59-8698.  This  improved  system  uses  separate 
gear  shift  scheduling  maps  (gear  shift  diagrams  or  pro- 
grams)  for  different  road  profiles  ~  one  for  level-road 
driving,  another  for  up-hill  driving,  and  so  on.  A  calcula- 
tion  is  made  based  on  operating  condition  parameters 
such  as  the  throttle  opening  and  vehicle  speed  for  pre- 
dicting  the  value  of  an  index  of  the  running  resistance  of 
the  vehicle  on  a  level  road.  A  concrete  example  of  the 
index  is  the  vehicle  acceleration.  The  predicted  acceler- 
ation  is  then  compared  with  the  actual  acceleration  cal- 
culated  from  the  vehicle  speed,  and  the  gear  to  be 
selected  is  determined  from  the  gear  shift  scheduling 
map  based  on  the  result  of  the  comparison. 

Control  of  this  type  requires  the  vehicle  accelera- 
tion  (more  generally  the  index  of  running  resistance)  to 
be  calculated  from  the  engine  load  and  other  parame- 
ters  with  a  high  degree  of  accuracy.  However,  time  lags 
in  the  air  intake  system,  fuel  supply  system,  drive  train 
and  the  like  produce  a  time  lag  between  the  occurrence 
of  a  change  in  engine  load  and  the  time  when  this 
change  appears  in  the  power  output  torque.  The  length 
of  this  time  lag  is  particularly  large  when  the  engine  load 
changes  rapidly.  Since  it  is  therefore  impossible  to 
determine  the  index  of  running  resistance  with  high 
accuracy  during  rapid  changes  in  engine  load,  the  gear 
shift  control  is  apt  to  become  inappropriate. 

Such  a  difficulty  in  determining  the  index  of  running 
resistance  with  high  accuracy  also  arises  when  a  brake 
pedal  is  depressed,  since  engine  output  torque 
decreases  in  response  to  the  braking  force.  Also  the 
same  will  happen  when  gear  shifting  is  in  progress,  i.e., 
when  application  and  release  of  gear  clutches  takes 

place,  or  when  any  apparatus  such  as  an  air  conditioner 
is  equipped  with  which  is  to  be  driven  by  the  vehicle 
engine,  since  engine  output  torque  is  partially  con- 
sumed  by  the  apparatus.  The  same  also  occurs  when 

5  drive  wheels  slip  which  makes  a  vehicle  speed  different 
from  a  true  value  if  the  vehicle  speed  is  detected  from 
the  rotational  speed  of  the  drive  wheels.  Or  when  range 
gear  positions  "D,D3,2,.."  are  being  switched  therebe- 
tween,  gear  shift  control  characteristics  will  then  be 

10  changed  so  that  running  resistance  would  be  unstable. 
It  is  therefore  one  object  of  this  invention  to  provide 

a  control  system  for  a  vehicle  automatic  transmission 
which  overcomes  the  aforesaid  drawbacks  of  the  prior 
art  system  and  is  able  to  prevent  erroneous  control 

15  based  on  erroneous  determination  of  the  index  of  run- 
ning  resistance. 

The  prior  art  system  also  has  shortcomings  in  that 
the  need  to  predict  the  vehicle  acceleration  separately 
for  each  gear  position  makes  them  intrinsically  complex 

20  and  in  that  the  method  it  employs  for  switching  between 
different  gear  shift  characteristics  in  response  to  the  dif- 
ference  between  the  predicted  and  actual  accelerations 
is  apt  to  result  in  instable  control  in  which  the  control 
value  changes  frequently,  particularly  during  times 

25  when  the  vehicle  operating  conditions  change  rapidly. 
It  is  therefore  another  object  of  the  invention  to  pro- 

vide  a  control  system  for  a  vehicle  automatic  transmis- 
sion  which  eliminates  these  disadvantages  of  the  prior 
art  system. 

30  Moreover,  as  mentioned  above,  braking  will  affect 
the  determination  of  the  index  of  running  resistance.  As 
regards  the  braking,  due  to  a  clearance  between  a 
brake  disc  and  a  brake  pad  or  due  to  a  play  of  a  brake 
pedal,  there  is  a  time  lag  in  the  brake  pedal  depression 

35  and  braking  force  resulted  therefrom  and  thus,  the  brak- 
ing  force  remains  for  a  period  after  the  brake  pedal  was 
released.  The  braking  signal  is  frequently  used  in  many 
controls  including  automatic  transmission  control  and 
since  it  is  expensive  to  prepare  a  sensor  which  can 

40  detect  braking  condition  through  hydraulic  pressure  of 
an  brake  oil,  for  example,  such  a  sensor  is  usually  used 
to  detect  braking  condition  as  is  turned  on  when  a  brake 
lamp  is  switched  on  or  when  the  brake  pedal  is 
depressed.  As  a  result,  when  the  latter  type  of  sensor  is 

45  used,  it  could  erroneously  detect  that  braking  condition 
ends  at  a  time  when  the  brake  pedal  is  released. 

It  is  therefore  further  object  of  the  invention  to  pro- 
vide  a  control  system  for  a  vehicle  automatic  transmis- 
sion  which  eliminates  the  aforesaid  shortcomings. 

so  Further,  as  mentioned  earlier,  the  index  of  running 
resistance  could  not  be  determined  accurately  when 
gear  shifting  is  in  progress.  On  the  other  hand,  if  a  vehi- 
cle  stops  temporarily  during  hill  descending  and  then 
starts  once  again,  gear  should  preferably  be  shifted  up 

55  to  the  top  in  a  short  period  when  vehicle  continues  rapid 
acceleration.  Therefore,  if  the  gear  shift  control  is  dis- 
continues  each  time  gear  shifting  is  in  progress,  upshift- 
ing  could  be  delayed,  resulting  another  problem. 
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It  is  therefore  still  further  object  of  the  invention  to 
provide  a  control  system  for  a  vehicle  automatic  trans- 
mission  which  solves  the  problem  just  mentioned 
above. 

Furthermore,  slippage  in  drive  wheels  could  bring  a  5 
problem  in  determining  the  index  of  running  resistance 
accurately  as  referred  to  earlier.  A  traction  control  sys- 
tem  is  often  introduced  to  control  engine  output  in  a  sit- 
uation  such  as  the  drive  wheel's  slippage.  And  if  the 
traction  control  system  is  provided  with  and  if  the  trac-  10 
tion  control  system  operates  frequently,  a  road  on  which 
the  vehicle  travels  could  be  quite  different  from  that  the 
aforesaid  gear  shift  scheduling  maps  do  expect. 

It  is  therefore  still  further  object  of  the  invention  to 
provide  a  control  system  for  a  vehicle  automatic  trans-  15 
mission  which  copes  with  a  traveling  condition  in  which 
the  traction  control  system  operates  frequently. 

Furthermore,  when  driving  down  hill,  a  gear  shift 
scheduling  map  for  hill  descending  is  selected  in  the 
prior  art  system  to  facilitate  hill  descending  by  providing  20 
a  better  engine  braking  response.  (The  term  "engine 
braking"  or  "engine  brake"  appeared  in  the  specification 
means  a  condition  in  which  a  vehicle  engine  is  driven  by 
vehicle  wheels  so  that  the  vehicle  slows  down  its 
speed.)  However,  when  running  down  a  gentle  or  mod-  25 
erate  slope,  the  necessity  of  engine  braking  is  not  so 
high  and  what  is  more,  the  engine  speed  becomes 
greater  in  low  gear  than  that  in  high  gear.  This  could 
make  engine  noisy,  degrading  a  drive  feeling. 

It  is  therefore  yet  still  further  object  of  the  invention  30 
to  provide  a  control  system  for  a  vehicle  automatic 
transmission  which  eliminates  the  disadvantage  of  the 
prior  art  system. 

SUMMARY  OF  THE  INVENTION  35 

This  invention  achieves  this  object  by  providing  a 
control  system  for  a  vehicle  automatic  transmission 
comprising  a  system  for  controlling  an  automatic  trans- 
mission  of  a  vehicle,  comprising  first  means  for  detect-  40 
ing  operating  conditions  of  the  vehicle  including  an 
engine  load  and  a  vehicle  speed,  second  means  for 
obtaining  an  index  indicative  of  a  running  resistance  of 
the  vehicle  based  on  the  detected  operating  condition, 
third  means  for  comparing  the  index  with  a  reference  45 
value  to  determine  if  the  vehicle  is  hill  climbing  or  hill 
descending  and  control  means  for  changing  a  gear 
shifting  characteristic  adapted  to  be  hill  climbing  or  hill 
descending  in  response  to  the  determination  to  carry 
out  a  gear  shifting  control  for  hill  climbing  or  hill  50 
descending  in  accordance  with  the  changed  gear  shift- 
ing  characteristic.  In  the  system,  said  control  means  dis- 
continues  carrying  out  the  gear  shifting  control  for  hill 
climbing  or  hill  descending  when  the  vehicle  operation 
is  in  a  specific  condition.  55 

BRIEF  EXPLANATION  OF  THE  DRAWINGS 

These  and  other  objects  and  advantages  of  the 
invention  will  be  more  apparent  from  the  following 
description  and  drawings,  in  which: 

Fig.  1  is  an  explanatory  view  showing  the  overall 
schematic  illustration  of  a  control  system  of  an  a 
vehicle  automatic  transmission; 
Fig.  2  is  a  main  flow  chart  showing  operation  of  the 
system  shown  in  Fig.  1  ; 
Fig.  3  is  an  explanatory  view  showing  the  main  fea- 
ture  of  the  control  system  according  to  the  invention 
including  gear  shift  scheduling  maps  to  be  selected; 
Fig.  4  is  an  explanatory  view  showing  characteris- 
tics  of  a  predicted  acceleration  of  a  vehicle  to  be 
used  for  gear  shift  scheduling  map  selection; 
Fig.  5  is  in  an  explanatory  view  showing  the  charac- 
teristics  of  the  gear  shift  scheduling  map  for  level- 
road  running; 
Fig.  6  is  an  explanatory  view  showing  the  character- 
istics  of  another  gear  shift  scheduling  map  for  mod- 
erate  hill  climbing; 
Fig.  7  is  an  explanatory  view  showing  hystereses 
for  upshifting  and  downshifting  in  the  maps; 
Fig.  8  is  a  subroutine  of  Fig.  2  flow  chart  showing 
how  to  determine  the  change  of  throttle  opening; 
Fig.  9  is  a  subroutine  of  Fig.  2  flow  chart  for  calcu- 
lating  the  predicted  acceleration  GGH; 
Fig.  10  is  an  explanatory  view  showing  smoothing 
of  the  predicted  acceleration  calculated  in  the  Fig.  9 
flow  chart  when  the  change  of  the  predicted  accel- 
eration  is  relatively  large  in  the  increase  direction; 
Fig.  11  is  an  explanatory  view  similar  to  Fig.  10,  but 
shows  smoothing  of  the  predicted  acceleration 
when  the  change  of  the  predicted  acceleration  is 
relatively  large  in  the  decrease  direction; 
Fig.  12  is  a  subroutine  of  Fig.  2  flow  chart  for  calcu- 
lating  an  actual  acceleration  HDELV  of  a  vehicle; 
Fig.  13  is  a  subroutine  of  Fig.  2  flow  chart  for  calcu- 
lating  a  difference  PNO  or  PKU  between  the  pre- 
dicted  acceleration  and  the  actual  acceleration; 
Fig.  14  is  a  subroutine  of  Fig.  2  flow  chart  for  calcu- 
lating  a  weighted  average  PNOAVE  or  PKUAVE  of 
the  differences; 
Fig.  15  is  an  explanatory  view  showing  upper  limit 
values  used  in  Fig.  14  flow  chart; 
Fig.  16  is  a  subroutine  of  Fig.  2  flow  chart  for  con- 
ducting  selection  of  possible  maximum  and  mini- 
mum  maps  MAPS1.2  based  on  the  weighted 
average; 
Fig.  17  is  an  explanatory  view  showing  reference 
values  for  map  selection  used  in  Fig.  16  flow  chart; 
Fig.  18  is  an  explanatory  view  showing  the  result  of 
selection  conducted  along  the  subroutine  of  Fig.  16 
flow  chart; 
Fig.  19  is  a  subroutine  of  Fig.  2  flow  chart  for  decid- 
ing  one  map  MAPS  on  between  the  selected  maps; 
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Fig.  20  is  an  explanatory  view  showing  a  boundary 
vehicle  speed  between  the  map  for  level-road  run- 
ning  and  the  map  for  moderate  hill  descent; 
Fig.  21  is  an  explanatory  view  showing  the  charac- 
teristics  of  deceleration  data  used  in  Fig.  19  flow  s 
chart; 
Fig.  22  is  an  explanatory  view  showing  the  charac- 
teristics  of  the  third-gear  range  and  the  fourth  gear 
range  in  the  maps  for  moderate  hill  descent  and  for 
steep  hill  descent;  10 
Fig.  23  is  a  flow  chart  showing  subroutine  for  deter- 
mining  as  to  whether  gear  shifting  is  in  progress; 
Fig.  24  is  an  explanatory  view  showing  an  area 
used  in  Fig.  23  flow  chart; 
Fig.  25  is  a  portion  of  subroutine  flow  chart  for  15 
showing  another  calculation  of  the  weighted  aver- 
age  according  to  a  second  embodiment  of  the 
invention; 
Fig.  26  is  a  portion  of  subroutine  flow  chart  similar 
to  Fig.  25,  but  shows  still  another  calculation  of  the  20 
weighted  average  according  to  a  third  embodiment 
of  the  invention; 
Fig.  27  is  a  flow  chart  similar  to  Fig.  23,  but  shows 
another  determination  as  to  whether  gear  shifting  is 
in  progress  according  to  the  fourth  embodiment  of  25 
the  invention; 
Fig.  28  is  a  subroutine  flow  chart  similar  to  Fig.  9, 
but  shows  another  calculation  of  the  predicted 
acceleration  according  to  a  fifth  embodiment  of  the 
invention;  30 
Fig.  29  is  an  explanatory  view  showing  the  charac- 
teristics  of  a  correction  value  used  in  Fig.  28  flow- 
chart; 
Fig.  30  is  a  view  similar  to  Fig.  1  ,  but  shows  another 
control  system  according  to  a  sixth  embodiment  of  35 
the  invention; 
Fig.  31  is  a  flow  chart  similar  to  Fig.  2,  but  shows  a 
main  flow  chart  of  the  operation  of  the  system 
shown  in  Fig.  30  according  to  the  sixth  embodiment 
of  the  invention;  and  40 
Fig.  32  is  a  flow  chart  similar  to  Fig.  14,  but  shows 
calculation  of  the  weighted  average  according  to 
the  sixth  embodiment  of  the  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  45 
EMBODIMENTS 

In  the  overall  schematic  illustration  of  the  control 
system  for  a  vehicle  automatic  transmission  according 
to  the  invention  shown  in  Fig.  1  ,  the  output  of  an  internal  so 
combustion  engine  10  is  transmitted  via  a  shaft  12  to  a 
transmission  14  wherein  it  is  passed  on  to  a  main  shaft 
18  through  a  pump  impeller  16a  and  a  turbine  runner 
1  6b  of  a  torque  convertor  1  6.  A  gear  unit  22  with  four 
forward  speeds  and  one  reverse  speed  is  positioned  55 
between  the  main  shaft  18  and  a  countershaft  20,  and  a 
secondary  shaft  24  is  disposed  in  parallel  with  the  coun- 
tershaft  20.  The  gear  stages  are  equipped  with  hydrau- 
lic  clutches  C1  -  C4.  The  reference  symbol  CH  in  the 

drawing  designates  a  hydraulic  clutch  for  bypassing  a 
one-way  clutch  26.  The  output  of  the  transmission  is  for- 
warded  through  a  final  gear  28  to  a  differential  30  from 
where  it  is  transmitted  to  drive  wheels  34  via  drive 
shafts  32.  The  hydraulic  clutch  C4  is  used  in  both  for- 
ward  and  reverse  operation.  When  a  selector  36  is  posi- 
tion  on  the  left  as  seen  in  the  drawing,  the  fourth  forward 
gear  is  activated,  and  when  it  is  positioned  on  the  right, 
the  reverse  gear  RVS  is  activated  via  an  idle  gear  (not 
shown). 

The  opening  of  a  throttle  valve  (not  shown)  located 
in  the  air  intake  passage  (not  shown)  of  the  internal 
combustion  engine  10  is  detected  by  a  throttle  position 
sensor  40  and  the  road  speed  of  the  vehicle  is  detected 
from  the  speed  of  the  countershaft  20  of  the  transmis- 
sion  14  by  a  vehicle  speed  sensor  42  located  in  the 
vicinity  of  the  countershaft  20.  In  addition,  a  brake 
switch  44  is  provided  near  the  brake  pedal  (not  shown) 
for  detecting  whether  or  not  the  brakes  are  being 
applied  and  a  range  selector  switch  46  is  provided  near 
a  range  selector  (not  shown)  installed  on  the  floor  of  the 
vehicle  near  the  driver's  seat  for  detecting  which  of 
seven  ranges  (P,  R,  N,  D4,  D3,  2  and  1)  the  driver  has 
selected.  The  outputs  of  the  throttle  position  sensor  40 
etc.  are  sent  to  an  ECU  (electronic  control  unit)  50. 

The  ECU  50  is  constituted  as  a  microcomputer 
comprising  a  CPU  (central  processing  unit)  50a,  a  ROM 
(read-only  memory)  50b,  a  RAM  (random  access  mem- 
ory)  50c,  an  input  circuit  50d  and  an  output  circuit  50e. 
The  outputs  of  the  aforesaid  sensors  and  switches  are 
input  to  the  microcomputer  through  the  input  circuit  50d. 
As  explained  in  detail  later,  the  CPU  50a  of  the  micro- 
computer  decides  the  gear  position  using  a  gear  shift 
scheduling  map  selected  in  accordance  with  the  road 
profile  and  outputs  signals  through  the  output  circuit  50e 
for  energizing/deenergizing  solenoid  valves  54,  56  of  a 
hydraulic  control  circuit  so  as  to  operate  shift  valves  (not 
shown)  for  engaging/disengaging  the  hydraulic  clutch  of 
the  selected  gear.  (The  solenoid  valves  58,  60  shown  in 
the  drawing  are  for  on/off  control  of  a  lock-up  mecha- 
nism  1  6c  of  the  torque  convertor  1  6.) 

The  operation  of  the  control  system  will  now  be 
explained  with  reference  to  the  flow  chart  of  Fig.  2.  First, 
however,  a  brief  explanation  of  the  main  features  of  the 
control  system  will  be  given  with  reference  to  Fig.  3.  The 
predicted  acceleration  of  the  vehicle  (in  third  gear  only) 
during  level-road  running  is  defined  in  advance  as  a 
function  of  the  throttle  opening  and  the  engine  speed. 
On  the  other  hand,  the  actual  acceleration  of  the  vehicle 
calculated  from  the  same  parameters  is  multiplied  by  a 
coefficient  for  correcting  it  to  a  value  corresponding  to 
that  in  third  gear.  The  predicted  acceleration  and  the 
actual  acceleration  are  compared  with  each  other  to 
obtain  differences  PNO,  PKU,  the  average  values  of 
which  are  used  for  selecting  (switching  to)  the  appropri- 
ate  gear  shift  scheduling  map.  The  predicted  accelera- 
tion  is  retrieved  from  a  look-up  table  stored  in  the  ROM 
50b  of  the  ECU  50  using  the  throttle  opening  and  the 
vehicle  speed  as  address  data.  Characteristics  of  such 

4 
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a  table  is  shown  in  Fig.  4.  The  reason  for  defining  the 
predicted  acceleration  as  a  function  of  throttle  opening 
and  vehicle  speed  is  that  under  identical  driving  condi- 
tions,  specifically  the  same  speed,  gear  and  road  profile 
conditions  etc.,  the  acceleration  obtained  varies  with  the 
motive  power  (i.e.  with  the  engine  load),  while  the  driv- 
ing  resistance,  especially  the  aerodynamic  drag,  varies 
with  the  vehicle  speed.  Five  types  of  gear  shift  schedul- 
ing  maps  are  prepared,  one  each  for  steep  hill  climbing, 
moderate  hill  climbing,  level-road  running,  moderate  hill 
descent  and  steep  hill  descent.  Fig.  5  shows  the  charac- 
teristics  of  the  map  for  level-road  running  and  Fig.  6 
those  of  the  map  for  moderate  hill  climbing  (in  which  it 
will  be  noted  that  the  third-gear  range  is  broader  than 
that  in  the  map  for  level-road  running).  While  omitted 
from  Figs.  5  and  6  in  the  interest  of  simplification,  as 
shown  in  Fig.  7,  hystereses  are  established  in  both  the 
upshifting  and  downshifting  directions  of  each  map. 

Returning  to  the  flow  chart  of  Fig.  2,  the  routine 
starts  with  step  S10  in  which  the  required  parameters 
are  obtained.  The  throttle  opening  and  other  such 
parameters  are  obtained  as  the  sensor  outputs  them- 
selves  and  the  vehicle  speed  is  calculated  from  the 
number  of  output  pulses  of  the  vehicle  speed  sensor  42 
per  prescribed  period  of  time.  However,  as  the  change 
pattern  of  the  throttle  opening  is  also  determined  in  this 
step,  the  processing  for  this  will  be  explained  with  refer- 
ence  to  Fig.  8.  (The  routine  according  to  the  flow  chart 
of  Fig.  2  is  executed  on  a  time  interrupt  basis  once  every 
20  ms.) 

In  the  routine  according  to  the  flow  chart  of  Fig.  8, 
the  throttle  opening  THPT  detected  a  prescribed  time 
earlier  is  first  read,  whereafter  control  passes  to  step 
S102  in  which  the  absolute  value  of  the  difference 
between  the  throttle  opening  THPT  and  the  throttle 
opening  THUS  detected  in  the  current  cycle  is  calcu- 
lated  and  compared  with  a  prescribed  throttle  opening 
YDTTH  (e.g.  0.5/8  x  WOT  ["]).  If  the  difference  is  larger 
than  the  prescribed  value,  i.e.  if  the  change  in  throttle 
opening  is  found  to  be  large,  control  passes  to  step 
S104  in  which  a  prescribed  value  YTMETN  is  set  in  a 
rapid  throttle  change  timer  (a  down  counter)  TMETN 
and  the  passage  of  time  is  clocked.  If  the  difference  is 
found  to  be  smaller  than  the  prescribed  value  in  step 
S102,  the  subroutine  is  immediately  terminated. 

Returning  to  the  flow  chart  of  Fig.  2,  the  predicted 
acceleration  (designated  GGH)  is  calculated  in  the  fol- 
lowing  step  S12. 

A  subroutine  for  carrying  out  this  calculation  is 
shown  in  Fig.  9.  In  the  first  step  S200  of  this  subroutine, 
reference  is  made  to  the  look-up  table  having  the  char- 
acteristics  already  shown  in  Fig.  4  and,  using  the  throttle 
opening  (the  throttle  opening  used  for  table  value 
retrieval  being  referred  to  as  "GTABTH")  and  the  current 
vehicle  speed  V  as  address  data,  a  table-retrieved  value 
GGBASE  of  the  predicted  acceleration  is  obtained.  As 
explained  earlier,  this  value  represents  the  vehicle 
acceleration  predicted  to  occur  when  the  vehicle  is  run- 
ning  in  third  gear  on  a  level  road  with  such  a  throttle 

opening  and  at  such  a  vehicle  speed.  It  is  expressed  in 
m/s2.  The  values  appearing  in  Fig.  4  are  only  examples 
selected  for  easy  understanding. 

Control  then  passes  to  S202  in  which  a  check  is 
5  first  made  as  to  whether  or  not  the  value  of  a  down 

counter  GGCNT1  (to  be  explained  later)  is  zero,  and  if  it 
is,  the  counter  is  set  to  a  prescribed  value  YGGCNT  and 
started  in  step  S204.  This  counter  is  for  setting  a 
smoothing  interval  during  which  the  predicted  accelera- 

10  tion  is  gradually  increased  (or  decreased)  when  the 
change  between  the  predicted  acceleration  values 
retrieved  in  the  preceding  and  current  cycles  is  large. 
More  specifically,  advancing  to  step  S206,  the  value 
obtained  by  adding  (or  subtracting)  a  small  value 

is  YDG1  H  (or  YDG1  L)  to  the  value  of  GGBASE  retrieved 
in  the  current  cycle  is  compared  with  the  value  of  GGH 
in  the  preceding  cycle  and  a  decision  is  made  as  to 
whether  or  not  the  change  between  the  preceding  and 
current  cycles  is  within  a  prescribed  range.  If  the 

20  change  is  found  to  be  within  the  prescribed  range  in 
S206,  since  this  means  that  the  amount  of  change  is 
small,  control  passes  to  S208  in  which  the  table- 
retrieved  value  (the  value  in  the  current  cycle)  GGBASE 
is  used  without  modification  as  the  predicted  accelera- 

25  tion  GGH. 
If  step  S206  finds  that  the  change  exceeds  the  pre- 

scribed  range,  control  passes  to  step  S210  in  which  the 
predicted  acceleration  GGH  in  the  preceding  cycle  is 
compared  with  the  table-retrieved  value  GGBASE  in  the 

30  current  cycle,  and  if  the  change  is  found  to  be  in  the 
increase  direction,  control  passes  to  step  S212  where 
the  value  obtained  by  adding  a  prescribed  unit  amount 
YDG2  to  the  predicted  acceleration  GGH  in  the  preced- 
ing  cycle  is  used  as  the  predicted  acceleration  GGH  of 

35  the  current  cycle  and  the  subroutine  is  terminated. 
Thereafter  the  counter  value  is  decremented  in  step 
S214  in  each  subsequent  execution  of  the  subroutine 
and  when  it  is  found  in  step  S202  that  the  counter  value 
has  reached  zero,  the  counter  is  restarted  in  step  S204 

40  and  control  passes  through  step  S206,  step  S210  to 
step  S212,  where  another  adjustment  in  the  increase 
direction  is  conducted  by  adding  the  prescribed  unit 
amount  YDG2.  In  other  words,  as  shown  by  the  one-dot 
chain  line  in  Fig.  10,  when  the  change  from  the  value  in 

45  the  preceding  cycle  is  large,  the  steps  gradually 
increase  the  value  by  incrementing  it  by  a  prescribed 
amount  (YDG2)  once  every  prescribed  period  of  time 
(GGCNT1),  until  step  S206  finds  the  change  enters  the 
prescribed  range.  This  makes  it  possible  to  avoid  abrupt 

so  changes  in  the  predicted  acceleration  and  thus  to  pre- 
vent  the  control  hunting  which  would  otherwise  occur 
when  the  accelerator  pedal  is  suddenly  depressed. 

Similar  circumstances  also  arise  when  it  is  found  in 
step  S210  that  the  predicted  acceleration  retrieved  in 

55  the  current  cycle  has  decreased  from  the  value  in  the 
preceding  cycle.  In  this  case,  control  passes  to  step 
S216  in  which  it  is  determined  whether  or  not  the  throt- 
tle  opening  is  at  or  below  an  opening  CTH  in  the  vicinity 
of  full-closed  (the  specific  value  of  CTH  being  (0.5/8)  x 

5 
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WOT  ["])  and,  depending  on  the  result  of  the  determina- 
tion,  the  predicted  acceleration  GGH  is  gradually 
reduced  so  as  to  adjust  it  to  the  table-retrieved  value  in 
the  current  cycle  by  changing  it  either  by  a  unit  reduc- 
tion  amount  YDG3US  in  step  S218  or  by  a  unit  reduc- 
tion  amount  YDG3  in  step  S220.  The  reason  for  using 
two  different  unit  reduction  amounts  here  is  that  the 
torque  changes  more  quickly  in  response  to  changes  in 
throttle  opening  when  the  throttle  opening  is  at  or  below 
the  vicinity  of  full-closed  than  it  does  in  other  cases.  The 
relationship  YDG3  <  YDG3US  is  therefore  established. 
This  stepwise  adjustment  in  the  reduction  direction  is 
shown  in  Fig.  1  1  . 

Returning  to  the  flow  chart  of  Fig.  2,  the  actual 
acceleration  HDELV  is  calculated  in  step  S14.  The  sub- 
routine  for  this  calculation  is  shown  by  the  flow  chart  in 
Fig.  12.  As  was  mentioned  earlier,  the  predicted  accel- 
eration  is  the  value  for  the  case  of  driving  in  third  gear 
and  this  makes  it  necessary  to  adjust  the  actual  accel- 
eration  to  a  value  corresponding  to  that  in  third  gear.  In 
the  flow  chart  of  Fig.  12,  therefore,  it  is  determined  in 
steps  S300  and  S302  whether  or  not  the  current  gear  is 
second  gear  or  below,  third  gear,  or  fourth  gear  and, 
depending  on  the  result,  a  correction  coefficient  is 
determined  in  step  S304,  step  S306  or  step  S308. 
Three  separate  correction  coefficient  look-up  tables  are 
prepared  in  advance,  one  for  the  first  and  second  gears, 
one  for  third  gear  and  one  for  fourth  gear,  each  prees- 
tablishing  ratio  values  addressed  in  accordance  with  the 
throttle  opening  and  the  vehicle  speed,  similarly  to  the 
case  of  the  predicted  acceleration  look-up  table  shown 
in  Fig.  4.  Retrieval  of  the  ratio  values  is  conducted  using 
the  throttle  opening  GTABTH  that  was  used  for  pre- 
dicted  acceleration  retrieval  and  the  vehicle  speed  V  as 
address  data  (the  table-retrieved  correction  coefficient 
is  referred  to  as  "GGFBASE").  No  distinction  is  made 
between  first  gear  and  second  gear  in  view  of  the  fact 
that  the  fundamental  purpose  of  the  control  is  to 
improve  gearshift  performance  during  hill  climbing  and 
hill  descent  and,  specifically,  is  achieved  by  switching 
from  the  map  for  level-road  driving  to  one  for  hill  climb- 
ing  or  hill  descent.  Control  according  to  a  hill-climbing 
map  causes  a  downshifting  for  increasing  driving  power, 
while  that  according  to  a  hill-descent  map  cause  a 
downshifting  for  increasing  the  braking  effect  of  the 
engine.  Since  first  gear  is  the  lowest  and  no  shifting 
down  from  this  gear  is  possible,  the  same  data  is  used 
for  first  gear  as  for  second,  because  this  simplifies  the 
control.  As  regards  the  ratio  table  for  third  gear,  moreo- 
ver,  since  the  predicted  acceleration  with  which  the 
actual  acceleration  adjusted  using  this  ratio  is  com- 
pared  is  that  for  driving  in  third  gear,  the  data  for  the 
ratio  is  set  to  1  .0. 

Next,  step  S310  checks  whether  or  not  the  value  of 
a  second  down  counter  GGCNT2  is  zero,  and  if  it  is, 
control  passes  to  step  S3  12  in  which  the  counter  is  set 
to  the  prescribed  value  YGGCNT  and  started,  to  step 
S314  in  which  the  retrieved  correction  coefficient  is 
compared  with  that  in  the  preceding  cycle  to  determine 

whether  the  difference  with  respect  thereto  falls  outside 
a  prescribed  range  and  if  it  does,  a  smoothing  operation 
similar  to  that  conducted  earlier  in  respect  of  the  pre- 
dicted  acceleration  is  carried  out.  More  specifically,  in 

5  step  S314  the  value  in  the  current  cycle  ±YDF1L,H  is 
compared  with  that  in  the  preceding  cycle,  and  if  it  is 
within  this  range,  control  passes  to  step  S316  in  which 
the  table-retrieved  correction  coefficient  GGFBASE  is 
used  without  modification  as  the  correction  coefficient 

10  GGF,  and  then  to  step  S31  8  where  it  is  multiplied  by  the 
first-order  difference  delta  V  in  the  detected  vehicle 
speed  value,  i.e.  by  the  change  in  vehicle  speed  per 
prescribed  time  period,  to  obtain  the  actual  acceleration 
HDELV.  When  it  is  found  in  step  S31  4  that  the  difference 

15  between  the  values  in  the  current  and  preceding  cycles 
is  outside  the  aforesaid  range,  control  passes  to  step 
S320  in  which  the  value  of  GGF  in  the  preceding  cycle 
and  the  value  of  GGFBASE  in  the  current  cycle  are 
compared  to  determine  whether  the  change  is  in  the 

20  increase  direction,  and  if  it  is,  passes  to  step  S322  in 
which  a  unit  increase  amount  YDF2  is  added  to  the 
value  of  GGF  in  the  preceding  cycle  and  the  result  used 
as  the  correction  coefficient  in  the  current  cycle, 
whereas  if  the  change  is  in  the  decrease  direction,  con- 

25  trol  passes  to  step  S324  in  which  a  unit  reduction 
amount  YDF3  is  subtracted  from  the  value  of  GGF  in 
the  preceding  cycle  and  the  result  used  as  the  correc- 
tion  coefficient  in  the  current  cycle.  In  each  subsequent 
execution  of  the  subroutine,  the  counter  value  is  decre- 

30  mented  in  step  S326  until  it  is  found  in  step  S310  that 
the  counter  value  has  reached  zero,  at  which  time  the 
increase  (reduction)  adjustment  is  repeated  until  it  is 
found  in  step  S314  that  the  adjusted  value  has  come 
into  the  vicinity  of  that  in  the  preceding  cycle.  As  was 

35  explained  regarding  the  predicted  acceleration  in  con- 
nection  with  the  flow  chart  of  Fig.  9,  the  reason  for  using 
the  aforesaid  arrangement  is  to  prevent  abrupt  changes 
in  the  control  value.  While  it  was  stated  that  the  actual 
acceleration  is  calculated  from  the  difference  in  the 

40  vehicle  speed,  it  is  alternatively  possible  to  calculate  it 
from  the  differential  value.  In  either  case,  it  is  expressed 
in  the  same  units  as  the  predicted  acceleration  (m/s2). 

Upon  completion  of  the  subroutine  according  to  the 
flow  chart  of  Fig.  12,  control  passes  to  step  S16  of  the 

45  flow  chart  of  Fig.  2,  in  which  the  difference  PNO  or  PKU 
between  the  predicted  acceleration  GGH  and  the  actual 
acceleration  HDELV  is  calculated.  The  subroutine  for 
this  calculation  is  shown  by  the  flow  chart  in  Fig.  13. 
PKU  is  the  hill-descent  direction  difference  obtained  by 

so  subtracting  the  predicted  acceleration  GGH  from  the 
actual  acceleration  HDELV,  while  PNO  is  the  hill-climb- 
ing  direction  difference  obtained  by  subtracting  the 
actual  acceleration  HDELV  from  the  predicted  accelera- 
tion  GGH. 

55  The  subroutine  according  to  the  flow  chart  of  Fig. 
13  starts  with  step  S400  in  which  the  difference  PKU  is 
obtained  by  the  aforesaid  method  of  calculation.  The 
reason  for  reversing  the  subtraction  order  in  calculating 
the  differences  is  that  during  hill  descent  the  actual 
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acceleration  becomes  larger  than  the  predicted  acceler- 
ation  (for  level-road  driving),  while  the  opposite  is  the 
case  during  hill  climbing.  Moreover,  the  calculations  of 
the  differences  for  hill  climbing  and  hill  descent  are 
made  independently  of  whether  or  not  the  vehicle  is 
actually  traveling  up  or  down  hill.  That  is,  the  result 
obtained  by  subtracting  the  predicted  acceleration  from 
the  actual  acceleration  is  simply  taken  as  the  difference 
for  hill  descent  and  the  reverse  as  the  difference  for  hill 
climbing.  This  not  only  suffices  but  is  advantageous.  As 
will  be  explained  in  more  detail  later,  the  average  value 
of  the  respective  differences  is  used  for  map  selection. 
If  the  vehicle  is  actually  traveling  downhill,  only  the  dif- 
ference  PKU  in  the  hill-descent  direction  will  be  positive, 
whereas  if  the  vehicle  is  traveling  uphill,  the  difference  in 
the  hill-climbing  direction  will  be  zero  or  less.  By  using 
only  positive  values  for  map  selection  it  becomes  possi- 
ble  to  effectively  determine  the  optimum  gear  ratio  in 
response  to  changes  in  road  slope  without  need  for 
installing  an  inclination  sensor. 

Control  then  passes  to  step  S402  which  determines 
whether  or  not  the  throttle  opening  is  at  or  below  the 
opening  CTH  in  the  vicinity  of  full-closed,  and  if  it  is,  next 
passes  to  step  S404  which  determines  whether  or  not 
the  value  of  a  timer  TMPAVB  (down  timer)  has  reached 
zero.  This  timer  will  be  explained  further  in  connection 
with  Fig.  2.  Here  it  suffices  to  say  that  it  is  set  at  the  time 
the  brakes  are  applied  and  starts  when  the  brakes  are 
released.  Therefore,  the  determination  here  is  for 
checking  whether  or  not  the  brakes  are  being  applied, 
more  precisely  whether  or  not  a  prescribed  time  has 
passed  since  the  brake  pedal  was  released  after  being 
once  depressed.  This  is  so  that  it  will  be  determined  that 
the  brakes  are  being  applied  not  only  during  depression 
of  the  brake  pedal  but  also  for  a  prescribed  period  (timer 
value)  after  its  release,  which  is  desirable  because  the 
braking  system  has  a  response  delay  and  it  takes  a  pre- 
scribed  time  for  the  braking  force  to  reach  zero  after  the 
depressed  brake  pedal  is  released.  If  step  S404  finds 
that  the  brake  timer  value  is  not  zero  (braking  in 
progress),  control  passes  to  step  S406  in  which  differ- 
ence  PKU  is  increased  by  adding  a  prescribed  amount 
YDAD05  thereto.  This  is  for  compensating  for  the 
decrease  in  the  actual  acceleration  caused  by  the  brak- 
ing  force.  Control  then  passes  to  step  S408  in  which  the 
difference  PNO  is  calculated  by  subtracting  the  actual 
acceleration  HDELV  from  the  predicted  acceleration 
GGH. 

Control  next  passes  to  step  S1  8  of  the  flow  chart  of 
Fig.  2,  where  it  is  determined  whether  or  not  the  brake 
switch  is  on,  and  if  it  is,  passes  to  step  S20  in  which  the 
brake  timer  TMPAVB  is  set  to  a  prescribed  value 
YTMPAVB  and  started.  (Since  after  the  start  of  braking 
is  detected  resetting  of  this  timer  does  not  first  occur  at 
the  time  that  the  "brakes  on"  determination  is  canceled 
following  release  of  the  brake  pedal  but  occurs  during 
each  succeeding  loop  of  the  program,  the  down  count 
continues  after  release  of  the  brake  pedal.  As  a  result, 
the  timer  value  indicates  the  time  lapsed  after  braking  is 

discontinued.)  Control  next  passes  to  step  S22  in  which 
it  is  determined  from  the  range  selector  switch  signal 
whether  or  not  the  selected  range  is  D4,  D3,2,  and  if  it 
is,  passes  to  step  S24  where  it  is  determined  whether  or 

5  not  switching  between  these  three  ranges  is  in 
progress.  If  it  is  not,  control  passes  to  step  S26  in  which 
a  timer  TMPAHN2  is  set  to  be  a  prescribed  value 
YTMPAHN2  and  is  started.  (Since  step  S26  is  skipped 
when  the  determination  in  step  S24  is  affirmative,  the 

10  timer  value  indicates  the  range  switching  time  period, 
similar  to  what  was  explained  concerning  step  S20.) 
Next,  in  step  S28,  a  flag  BROK2  is  checked  to  deter- 
mined  whether  or  not  the  brake  signal  is  normal. 
Whether  the  brake  signal  is  normal  or  not  is  checked 

15  through  another  subroutine  (not  shown)  which  deter- 
mines  the  brake  signal  to  be  normal  if  each  of  a  brake- 
on  signal  and  a  brake-off  signal  continue  for  a  pre- 
scribed  period  of  time  after  the  ignition  switch  is  turned 
on,  and  otherwise  determines  it  to  be  abnormal.  The 

20  result  is  indicated  by  the  flag. 
When  step  S28  finds  that  the  brake  signal  is  nor- 

mal,  another  determination  is  made  in  step  S30  as  to 
whether  or  not  range  switching  is  in  progress  and  if  the 
result  is  negative,  control  passes  to  step  S32  in  which  it 

25  is  determined  whether  or  not  the  value  of  a  timer 
TMPAHN  has  reached  zero.  This  timer  is  started  at  the 
time  that  it  is  found  by  another  subroutine  (not  shown) 
that  the  excitation  pattern  of  the  solenoid  valves  54,  56 
has  switched,  and  indicates  that  gear  shifting  is  in 

30  progress.  Since  the  fact  that  the  timer  count  value  has 
reached  zero  therefore  means  that  gear  shifting  is  not  in 
progress,  control  passes  to  step  S34  in  which  it  is  deter- 
mined  whether  or  not  the  current  gear  is  first  gear,  and 
if  it  is  not,  passes  to  step  S36  in  which  the  average  val- 

35  ues  (more  specifically,  the  weighted  average  values) 
PNOAVE,  PKUAVE  of  the  differences  PNO,  PKU  are 
calculated.  The  flow  chart  of  a  subroutine  for  carrying 
out  this  calculation  is  shown  in  Fig.  14. 

The  subroutine  starts  from  step  S500  in  which  the 
40  hill-climbing  direction  difference  PNO  calculated  in  the 

current  cycle  is  compared  with  the  running  average 
value  (weighting  coefficient)  PNOAVE  up  to  that  time  so 
as  to  determine  whether  the  change  relative  to  the  value 
up  to  the  preceding  cycle  is  in  the  increase  or  decrease 

45  direction.  If  it  is  found  to  be  in  the  decrease  direction, 
control  passes  to  step  S502  in  which  a  smoothing  coef- 
ficient  KPNO  is  set  to  YKPNODN  and  then  to  step  S504 
in  which  the  weighted  average  value  is  calculated  using 
the  equation  shown.  On  the  other  hand,  if  it  is  found  to 

so  be  in  the  increase  direction,  control  passes  to  step  S506 
in  which  it  is  determined  whether  or  not  the  count  value 
of  the  rapid  throttle  change  timer  TMETN  referred  to 
earlier  in  connection  with  Fig.  8  has  reached  zero,  i.e. 
whether  or  not  the  throttle  opening  is  changing  rapidly.  If 

55  it  is  not,  control  passes  to  step  S508  in  which  the 
smoothing  coefficient  is  set  to  YKPNOUP,  to  step  S510 
in  which  it  is  confirmed  that  braking  is  not  in  progress, 
and  then  to  step  S504  in  which  the  weighted  average 
value  is  calculated.  Step  S504  is  skipped  when  step 
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S506  finds  that  the  throttle  opening  is  changing  rapidly. 
In  this  case,  therefore,  the  average  value  PNOAVEn-1 
calculated  in  the  preceding  cycle  is  used  for  deciding 
(holding)  the  map.  As  a  result,  it  is  possible  to  avoid 
making  an  error  in  the  control  value  (map  selection)  dur- 
ing  times  when  the  throttle  opening  changes  abruptly. 
The  case  where  it  is  found  in  step  S510  that  the  brakes 
are  on  is  handled  similarly.  Since  the  apparent  engine 
output  torque  is  decreased  by  an  amount  corresponding 
to  the  braking  force,  which  increases  in  proportion  to  the 
force  with  which  the  driver  depresses  the  brake  pedal, 
the  engine  does  not  produce  an  output  torque  corre- 
sponding  to  the  table-retrieved  throttle  opening.  There- 
fore,  step  S504  is  skipped  and  the  average  value 
calculated  in  the  preceding  cycle  is  used. 

Control  then  passes  to  step  S512  in  which  the  cal- 
culated  value  is  compared  with  an  upper  limit  value 
YPNOCUT  and  if  it  is  found  to  be  larger,  the  upper  limit 
value  is  updated  in  step  S514.  In  other  words,  when  the 
vehicle  finishes  climbing  the  hill  and  reaches  level 
ground  again,  the  map  has  to  be  promptly  changed  to 
that  for  level-road  driving,  as  shown  in  Fig.  15.  This  is 
the  reason  for  establishing  the  upper  limit  value. 

Next,  the  hill-descent  direction  difference  value  is 
calculated  starting  from  step  S516  in  which  the  value 
PKU  calculated  in  the  current  cycle  is  compared  with 
the  average  value  PKUAVE  up  to  the  preceding  cycle. 
When  it  is  found  to  be  changing  in  the  increase  direc- 
tion,  since  this  means  that  the  vehicle  continues  to 
travel  downhill,  control  passes  to  step  S518  in  which  the 
vehicle  speed  V  is  compared  with  a  prescribed  vehicle 
speed  YVOAD1  ,  to  step  S520  or  step  S522  in  which  it  is 
confirmed  that  the  throttle  opening  is  not  changing  rap- 
idly,  and  then,  depending  on  the  result  of  the  compari- 
son,  to  step  S524  or  step  S526  in  which  a  smoothing 
coefficient  (weighting  coefficient)  KPKU  is  selected,  and 
thereafter  to  step  S528  in  which  the  weighted  average 
value  PKUAVE  is  calculated.  The  reason  for  changing 
the  coefficient  according  to  the  vehicle  speed  is  to  pro- 
vide  an  early  opportunity  for  downshifting  in  view  of  the 
vehicle  speed  during  hill  descent,  which  is  desirable 
because  the  running  resistance  is  not  so  large  during 
hill  descent.  Therefore,  the  relationship  YKPKUUPH  > 
YKPKUUPL  is  established  between  the  coefficients  so 
that  the  coefficient  becomes  larger  with  increasing  vehi- 
cle  speed,  whereby  the  value  in  the  current  cycle  is 
strongly  reflected  in  the  average  value.  For  the  same 
reason  as  was  explained  with  respect  to  PNO,  step 
S528  is  skipped  and  the  average  value  in  the  preceding 
cycle  used  when  steps  S520  and  S5202  determine  that 
the  throttle  opening  is  changing  rapidly. 

When  it  is  determined  in  step  S516  that  value  in  the 
current  cycle  has  decreased  from  the  running  average 
value  up  to  the  preceding  cycle,  this  is  taken  to  mean 
that  the  downhill  slope  is  coming  to  an  end  and,  there- 
fore,  control  passes  to  step  S530  in  which  it  is  confirmed 
that  the  throttle  is  at  or  below  the  vicinity  of  full-closed 
and  to  step  S532  in  which  it  is  confirmed  that  braking  is 
not  in  progress,  thereafter  to  step  S534,  similarly  to 

what  was  explained  above,  one  of  the  smoothing  coeffi- 
cients  is  selected  in  response  to  the  vehicle  speed  and 
the  average  value  calculated  (steps  S536,  S538,  S528). 
Here  again,  as  in  the  case  a  change  in  the  increase 

5  direction,  the  coefficient  is  set  to  be  larger  toward  the 
high  vehicle  speed  side.  Next,  from  step  S540  onward, 
it  is  determined  whether  or  not  the  calculated  value  is 
greater  than  the  upper  limit  value,  and  if  it  is,  is  limited  to 
the  upper  value  in  step  S542.  As  shown  in  Fig.  15,  this 

10  is  for  compensating  for  detection  delay  at  the  time  of 
returning  to  level  ground,  similarly  to  the  case  of  hill 
climbing  explained  earlier.  If  step  S532  finds  that  brak- 
ing  is  in  progress,  it  becomes  difficult  to  obtain  an  accu- 
rate  value  for  the  same  reason  as  explained  with 

15  respect  to  step  S510  and,  therefore,  control  is  passed 
directly  to  steps  S540  and  S542  for  using  the  average 
value  up  to  the  preceding  cycle. 

Returning  to  Fig.  2,  when  the  conditions  of  steps 
S18  to  S34  are  satisfied,  control  passes  to  step  S36 

20  where  the  average  values  of  the  differences  are  calcu- 
lated  in  the  manner  just  explained.  An  explanation  will 
now  be  given  regarding  what  happens  when  these  con- 
ditions  are  not  met.  First,  if  the  result  is  negative  in  step 
S22,  i.e.  If  it  is  found  that  the  selected  range  is  P,  R,  N  or 

25  1  ,  since  this  means  that  there  is  no  need  to  conduct  hill- 
climbing  or  hill-descent  control,  control  passes  to  step 
S38  in  which  the  timer  started  in  step  S26  for  determin- 
ing  the  range  switching  time  period  is  reset  because  the 
clocking  of  this  period  has  become  meaningless,  and 

30  then  to  step  S42  in  which  the  average  difference  values 
are  set  to  zero.  Therefore,  as  will  be  explained  later,  the 
map  for  level-road  driving  is  selected.  The  same  also 
applies  in  the  case  where  step  S28  determines  that  the 
brake  signal  is  abnormal.  Further,  in  the  case  where 

35  step  S30  determines  that  range  switching  is  in  progress 
and  step  S40  thereafter  determines  that  the  timer  value 
has  reached  zero,  since  this  means  that  the  time  used 
for  range  switching  is  so  long  as  to  indicate  an  abnor- 
mality  such  as  a  broken  wire  or  the  like,  control  again 

40  skips  to  step  S42.  For  ensuring  continuity  of  the  control 
up  to  the  time  that  step  S40  determines  that  the  timer 
value  has  reached  zero,  control  passes  to  step  S44  in 
which,  similarly  to  what  was  explained  earlier  in  connec- 
tion  with  step  S506  of  the  flow  chart  of  Fig.  14  and  the 

45  like,  the  average  difference  value  in  the  preceding  cycle 
is  used.  The  same  also  applies  in  the  case  where  step 
S32  determines  that  gear  shifting  is  in  progress.  When 
gear  shifting  is  in  progress,  it  is  of  course  impossible  to 
determine  the  current  gear  and,  moreover,  the  acceler- 

50  ation  is  unstable,  so  control  is  passed  to  step  S44  and 
the  average  value  in  the  preceding  cycle  is  used.  The 
case  where  step  S34  determines  that  the  current  gear  is 
first  gear  is  handled  in  the  same  way  because,  it  not 
being  possible  to  shift  down  from  first  gear,  this  enables 

55  the  processing  to  be  simplified. 
In  the  flow  chart  of  Fig.  2,  control  next  passes  to 

step  S46  in  which  selection  of  possible  maximum  and 
minimum  maps  MAPS1  ,2  is  conducted.  Five  types  of 
shift  maps  corresponding  to  five  degrees  of  slope  are 
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assigned  the  numbers  0,1,2,3  and  4  and  the  maximum 
value  and  minimum  value  (map  number)  that  can  be 
adopted  in  view  of  the  average  difference  value  at  that 
time  are  set  as  MAPS  1  ,  2.  Fig.  16  shows  the  flow  chart 
of  a  subroutine  for  carrying  out  this  selection.  In  steps 
S600  -  S606  the  hill-climbing  direction  average  value 
PNOAVE  is  compared  with  each  of  map  reference  val- 
ues  PNOmn  and,  following  this,  in  steps  S608  -  S614 
the  hill-descent  direction  average  value  PKUAVE  is 
compared  with  each  of  map  reference  values  PKUmn. 
As  a  result,  one  of  steps  S616  -  S632  is  selected  and 
the  minimum  value  that  can  be  adopted  (MAPS1)  and 
the  maximum  value  that  can  be  adopted  (MAPS2)  are 
decided.  Fig.  17  shows  map  reference  values  estab- 
lished  in  correspondence  with  average  difference  val- 
ues. 

As  stated  above,  in  the  control  according  to  this 
embodiment  of  the  invention,  five  types  of  maps  are  pre- 
pared  and  assigned  numbers  as  follows: 

0:  steep  hill  climbing 
1  :  moderate  hill  climbing 
2:  level-road  running 
3:  moderate  hill  descent 
4:  steep  hill  descent 

As  shown  in  Fig.  1  7,  hysteresis  regions  are  estab- 
lished  between  adjacent  maps  and  when  the  average 
difference  value  falls  in  one  of  these  regions  the  map  on 
either  side  can  be  adopted.  In  the  control,  the  maximum 
value  and  minimum  value  (as  regards  map  number)  is 
first  decided.  The  result  of  the  selection  by  the  flow  chart 
of  Fig.  16  can  be  summarized  as  shown  in  Fig.  18.  It  will 
be  understood  from  Fig.  17  why,  as  mentioned  earlier, 
the  setting  of  the  average  difference  value  to  zero  in 
step  S42  of  the  flow  chart  of  Fig.  2  results  in  selection  of 
the  map  for  level-road  running. 

Thus,  returning  to  the  flow  chart  of  Fig.  2,  in  the 
succeeding  step  S48  one  map  is  decided  on  between 
the  two  types  of  selected  maps. 

The  flow  chart  of  a  subroutine  for  carrying  out  this 
decision  is  shown  in  Fig.  19.  First,  in  step  S700,  the  cur- 
rently  selected  map  (referred  to  as  "MAPS")  and 
MAPS2  (the  maximum  map)  are  compared.  More  spe- 
cifically,  since,  logically,  it  suffices  to  decide  the  map  to 
be  selected  so  that  maximum  map  §  selected  map  § 
minimum  map,  it  is  first  determined  whether  or  not  the 
current  map  exceeds  the  maximum  map,  and  if  it  does, 
the  selected  map  is  changed  to  the  maximum  map  or  a 
lower  one. 

Therefore,  when  step  S700  finds  that  the  current 
map  exceeds  the  maximum  map,  the  number  of  the  cur- 
rent  map  has  to  be  greater  than  0,  meaning  that  it  is  one 
of  map  numbers  1,2,3  and  4,  and  control  thus  passes 
to  step  S702  which  determines  whether  or  not  its 
number  is  2  (level-road  running  map).  If  it  is  higher  or 
greater  than  2,  the  possibilities  become  map  numbers  3 
and  4,  and  since  these  are  maps  for  hill  descent,  the 
map  number  obtained  by  subtracting  1  from  the  current 

map  number  is  decided  on  in  step  S704.  For  example,  if 
the  map  for  steep  hill  descent  is  currently  being  used,  a 
switch  is  made  to  the  map  for  moderate  hill  descent. 
When  step  S702  finds  that  the  current  map  is  the  one 

5  for  level-road  running  or  a  lower  one,  the  possibilities 
become  2  and  1  ,  and  a  switch  is  made  from  the  map  for 
level-road  running  to  the  map  for  moderate  hill  climbing 
or  from  the  map  from  moderate  hill  climbing  to  the  map 
for  steep  hill  climbing.  As  was  indicated  earlier  in  con- 

10  nection  with  Figs.  5  and  6,  in  the  maps  used  in  the 
present  control  the  third-gear  range  is  broader  in  the 
map  for  moderate  hill  climbing  than  in  the  map  for  level- 
road  running  and  is  broader  in  the  map  for  steep  hill 
climbing  than  in  the  map  for  moderate  hill  climbing.  The 

15  same  also  applies  on  the  hill-descent  side,  namely  the 
breadth  of  the  third-gear  range  increases  in  order  from 
the  map  for  level-road  running  to  the  map  for  moderate 
hill  descent  to  the  map  for  steep  hill  descent.  This  rela- 
tionship  is  established  for  increasing  driving  power  dur- 

20  ing  hill  climbing  and  increasing  the  engine  braking  effect 
during  hill  descent.  However,  it  leads  to  the  possibility 
that  when  the  vehicle  is  being  driven  in  fourth  gear  a 
switch  in  maps  will  cause  an  immediate  shift-down  to 
third  gear,  which  is  not  likely  to  be  what  the  driver 

25  expects  and  is  thus  undesirable.  For  avoiding  this,  a 
determination  is  made  in  step  S706  as  to  whether  or  not 
the  current  gear  is  third  gear,  and  only  in  the  case  where 
it  is  found  to  be  third  or  a  lower  gear,  is  a  switch  made 
from  the  map  for  level-road  running  to  the  map  for  mod- 

30  erate  hill  climbing  or  from  the  map  for  moderate  hill 
climbing  to  the  map  for  steep  hill  climbing.  Thus  map 
switching  is  suspended  during  driving  in  fourth  gear. 

When  step  S700  finds  that  the  current  map  is  the 
maximum  map  or  a  lower  one,  since  this  means  that  the 

35  upper  limit  condition  is  met,  a  determination  is  next 
made  regarding  the  lower  limit  condition.  Specifically, 
step  S708  determines  whether  or  not  the  current  map 
(number)  is  MAPS1  (minimum  map  (number)),  and  if  it 
is  found  to  be  the  minimum  map  or  a  higher  one,  this 

40  means  that  the  aforesaid  logical  relationship  is  met  and 
the  map  is  not  changed. 

If  step  S708  finds  that  the  current  map  (number)  is 
lower  than  the  minimum  map,  it  become  necessary  to 
switch  to  a  value  not  lower  than  that  of  the  minimum 

45  map.  Control  therefore  passes  to  step  S71  0  in  which  the 
current  map  is  compared  with  the  map  for  level-road 
running.  If  the  current  map  is  found  to  be  lower  than  the 
map  for  level-road  running,  this  means  that  the  map  that 
should  be  selected  is  either  1  or  2,  and  therefore,  con- 

so  trol  passes  to  step  S712  in  which  1  is  added  to  the 
number  of  the  current  map.  Thus  if  the  map  for  moder- 
ate  hill  climbing  is  currently  in  use,  it  is  switched  to  the 
map  for  level-road  running,  and  if  the  map  for  steep  hill 
climbing  is  currently  in  use,  it  is  switched  to  the  map  for 

55  moderate  hill  climbing.  If  step  S710  finds  that  the  cur- 
rent  map  is  the  map  for  level-road  running  or  a  higher  or 
greater  one,  since  this  means  that  the  current  map 
number  is  2  or  3  (since  step  S708  found  the  current  map 
number  to  be  smaller  than  that  of  the  minimum  map,  the 
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number  of  the  current  map  cannot  be  4  even  if  the  min- 
imum  map  is  assumed  to  have  the  maximum  value  of 
4).  Since  increasing  from  2  or  3  leads  to  a  problem 
regarding  the  broadening  of  the  third-gear  range,  con- 
trol  passes  to  step  S714  in  which  a  determination  is 
made  as  to  whether  or  not  the  current  gear  is  third  or 
lower,  and  if  it  is,  since  this  means  that  no  unexpected 
downshifting  will  occur,  control  passes  to  step  S712  in 
which  map  switching  is  carried  out  immediately.  On  the 
other  hand,  if  the  current  gear  is  found  to  be  fourth  gear, 
control  passes  to  step  S716  in  which  the  current  map 
(number)  is  compared  with  the  level-road  running  map 
(number).  If  step  S71  6  determines  that  the  current  map 
(number)  is  the  level-road  running  map  (number),  con- 
trol  passes  to  step  S718  in  which  the  vehicle  speed  is 
compared  with  a  prescribed  value  YKUV1,  and  if  it 
determines  that  the  current  map  (number)  is  not  the 
level-road  running  map  (number),  i.e  if  it  determines 
that  the  current  map  (number)  is  the  moderate  hill  climb- 
ing  map  (number),  control  passes  to  step  S720  in  which 
the  vehicle  speed  is  compared  with  another  prescribed 
value  YKUV3.  If  the  vehicle  speed  is  found  to  be  equal 
to  or  greater  than  the  prescribed  value  in  either  of  steps 
S718  or  S720,  control  skips  to  step  S712  and  map 
switching  is  carried  out.  This  will  be  better  understood 
from  Fig.  20.  As  was  explained  earlier,  the  breadth  of 
the  third  gear  range  is  greater  in  the  maps  for  hill  climb- 
ing  and  descent  than  in  the  map  for  level-road  running. 
As  shown  specifically  in  Fig.  20,  the  boundary  vehicle 
speed  for  shifting  from  third  gear  to  fourth  gear  when  the 
map  is  changed  from  that  for  level-road  running  to  that 
for  moderate  hill  descent  is  set  as  vehicle  speed 
YKUV1  .  Since  there  is  therefore  no  possibility  of  a  shift- 
down  when  the  vehicle  speed  is  equal  to  or  higher  than 
the  boundary  speed,  control  is  passed  to  step  S712  for 
switching  maps.  On  the  other  hand,  if  the  vehicle  speed 
is  found  to  be  below  the  boundary  level,  the  possibility  of 
a  downshifting  exists  and,  therefore,  a  determination  is 
carried  out  in  the  following  steps  as  to  whether  or  not 
one  will.  While  Fig.  20  relates  only  to  the  case  of  switch- 
ing  from  the  level-road  running  map  (#2)  to  the  moder- 
ate  hill  descent  map  (#3),  switching  from  the  moderate 
hill  descent  map  (#3)  to  the  steep  hill  descent  map  (#4) 
is  handled  in  a  similar  manner. 

When  it  is  found  in  step  S718  or  step  S720  that  the 
vehicle  speed  is  below  the  boundary  level,  control 
passes  to  step  S722  in  which  it  is  determined  whether 
or  not  the  throttle  is  at  or  below  the  vicinity  of  full-closed. 
If  the  result  is  negative,  since  this  means  that  the  accel- 
erator  pedal  is  being  depressed  and  the  accelerator 
pedal  is  being  depressed  at  fourth  gear,  a  shock  could 
arise  if  gear  is  shifted  down.  This  will  be  a  special  driv- 
ing  condition  and  at  any  rate  this  does  not  imply  that  the 
driver  intends  to  shifted  down  to  use  engine  braking, 
controls  skips  step  S712  to  avoid  map  changing. 

On  the  other  hand,  step  S722  founds  that  the  throt- 
tle  is  at  or  below  the  vicinity  of  full-closed,  since  this 
means  that  the  accelerator  pedal  is  not  depressed  and 
implies  that  the  driver  wants  to  reduce  the  vehicle 

speed,  control  passes  to  step  S724  in  which  another 
check  is  made  as  to  whether  or  not  the  current  map  is 
that  for  level-road  running,  and  if  it  is,  skips  to  step  S71  2 
in  which  the  map  is  changed,  and  if  it  is  not,  since  this 

5  means  that  the  current  map  is  that  for  moderate  hill 
descent,  passes  to  step  S726  where  a  determination  is 
made  as  to  whether  the  brakes  are  being  applied,  so  as 
to  discern  whether  the  driver  actually  wants  to  deceler- 
ate.  If  the  brakes  are  not  being  applied,  since  this  can 

10  be  taken  to  mean  that  it  is  not  the  driver's  intention  to 
slow  down,  step  S712  is  skipped  and  the  map  is  not 
changed.  If  it  is  found  that  the  brakes  are  being  applied, 
control  passes  through  steps  S728  and  S730  for  com- 
paring  the  current  vehicle  speed  V  with  prescribed  val- 

15  ues  YVOAD1.2,  whereby  deceleration  data  YDVOA 
(explained  later)  is  selected  at  steps  S732,  S734,  S736, 
and  then  to  step  S738  in  which  the  selected  decelera- 
tion  data  YDVOA  is  compared  with  the  actual  decelera- 
tion  DTV  (deceleration  of  vehicle  speed  per  unit  time 

20  during  braking)  and  if  the  actual  deceleration  is  larger,  it 
is  determined  that  rapid  deceleration  is  in  progress  and 
control  passes  to  step  S712  for  changing  the  map.  This 
is  conducted  notwithstanding  that  the  driver  has  applied 
the  brakes  and  wants  to  slow  down  and  is  for  preventing 

25  map  switching  and  thus  avoiding  an  abrupt  engine  brak- 
ing  effect  (owing  to  downshifting)  which  would  otherwise 
occur  at  an  intensity  that  increases  in  proportion  to  the 
vehicle  speed  at  the  time  of  the  shift-down.  Thus,  the 
map  is  changed  to  enable  downshifting  only  when  it  is 

30  determined  from  the  result  of  the  comparison  that  rapid 
deceleration  is  intended.  Fig.  21  shows  the  relationship 
among  the  deceleration  data. 

Control  next  passes  to  step  S740  which  determines 
whether  or  not  the  selected  map  (number)  is  4  (for  steep 

35  hill  descent),  and  if  it  is,  to  step  742  which  determines 
whether  or  not  the  throttle  opening  TH  is  equal  to  or 
larger  than  a  prescribed  value  THREF  (the  specific 
value  of  THREF  being  (2/8)  x  WOT  ["]),  and  if  it  is,  to 
step  S744  in  which  rewriting  of  the  map  (number)  to  3 

40  (map  for  moderate  hill  descent)  is  forced.  This  is  con- 
ducted  because  the  circumstances  show  that  the  driver 
wants  to  accelerate,  i.e.  does  not  want  to  use  the  engine 
braking  effect,  notwithstanding  that  the  vehicle  is 
traveling  down  a  steep  hill. 

45  To  be  more  specific,  the  third-gear  range  in  the  map 
is  made  further  broader  than  the  moderate  hill  descent 
map  as  shown  in  Fig.  22.  If  the  steep  hill  descent  map  is 
selected,  as  a  result,  third  gear  is  frequently  used.  As 
explained  earlier,  on  the  other  hand,  the  necessity  of 

so  engine  braking  is  not  high  when  running  down  a  moder- 
ate  hill  and  still  less,  a  use  of  lower  gear  causes  engine 
speed  higher,  which  makes  engine  noisier.  In  view  of 
the  above,  it  is  presumed  that  the  driver  does  not  want 
the  engine  braking  if  the  throttle  valve  is  opened  greatly 

55  than  or  equal  to  the  value  THREF.  Rather,  he  does  not 
presumably  expect  an  acceleration  at  such  an  instance. 
It  is  therefore  arranged  that  the  map  is  switched  to  map 
(number)  3  for  moderate  hill  descent.  As  a  result,  the 
gear  will  possibly  be  shifted  up  to  fourth  as  illustrated  in 

10 
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the  figure,  a  drive  feeling  will  be  improved  during  moder- 
ate  hill  descending.  It  should  be  noted  that  the  charac- 
teristics  depicted  in  the  figure  is  simplified  for  ease  of 
understanding. 

On  completion  of  the  subroutine  of  Fig.  1  9,  control  5 
passes  to  the  final  step  of  the  flow  chart  of  Fig.  2, 
namely  step  S50,  in  which  the  gear  (ratio)  is  decided 
based  on  the  selected  map  (the  one  to  be  switched  to  or 
held)  using  the  vehicle  speed  and  throttle  opening  as 
address  data.  As  the  method  for  achieving  this  is  well  to 
known  and  is  not  a  feature  of  the  present  invention,  it 
will  not  be  explained  further  here. 

Here,  the  subroutine  of  determination  as  to  whether 
or  not  gear  shifting  is  in  progress  referred  to  earlier  with 
respect  to  S32  of  Fig.  2  flow  chart  will  be  explained  with  ts 
reference  to  a  flow  chart  shown  in  Fig.  23. 

After  confirming  at  step  S800  that  the  value  of  the 
aforesaid  timer  TMPAHN  has  reached  zero  so  that  gear 
shifting  is  not  in  progress,  control  passes  to  step  S802 
in  which  it  is  checked  if  the  excitation  pattern  of  the  sole-  20 
noid  valves  54,56  has  switched.  If  it  does,  control 
passes  to  step  S804  in  which  it  is  determined  if  the  cur- 
rent  engine  operating  condition  is  within  a  predeter- 
mined  area  and  if  not,  to  advance  to  step  S806  wherein 
the  timer  is  set  to  a  prescribed  value  YTMPAHN  and  is  25 
started.  Fig.  24  illustrates  the  predetermined  area.  As 
illustrated,  the  area  is  an  engine  operating  region 
defined  by  a  small  throttle  opening  degree  and  a  low 
vehicle  speed  VLOW.  Since  the  engine  output  torque  is 
low  in  the  area,  to  continue  the  weighted  average  calcu-  30 
lation  does  not  have  a  bad  influence  on  this  shift  control 
during  hill  climbing  or  hill  descending.  It  is  arranged 
such  that,  therefore,  only  when  the  solenoid  valves' 
excitation  pattern  changes  if  engine's  operating  condi- 
tion  is  out  of  the  area  shown  in  Fig.  24,  the  timer  is  35 
started.  As  a  result,  the  average  calculation  is  sus- 
pended  in  the  procedures  of  Fig.  2  flow  chart  and 
instead,  the  value  calculated  at  the  preceding  cycle  is 
used.  It  should  be  noted  here  that  a  speed  ratio  in  the 
transmission  may  be  used  to  detect  if  gear  shifting  is  in  to 
progress. 

As  will  be  understood  from  the  foregoing  descrip- 
tion,  the  present  embodiment  of  the  invention  calculates 
the  predicted  acceleration  as  an  index  of  the  vehicle 
running  resistance,  compares  the  predicted  accelera-  45 
tion  with  the  actual  acceleration,  estimates  the  road  pro- 
file  (slope)  from  the  result  of  the  comparison,  and 
switches  among  level-road  running,  hill  climbing  and  hill 
descent  maps  based  on  the  estimated  road  profile. 
Moreover,  since  the  calculation  of  the  average  differ-  so 
ence  values  used  for  the  comparison  is  discontinued  in 
a  situation  such  as  when  the  throttle  opening  is  chang- 
ing  rapidly,  errors  in  map  selection  are  prevented.  As  the 
calculation  of  the  predicted  acceleration  is  limited  to 
only  that  for  third  gear,  a  simple  arrangement  suffices,  55 
and,  in  addition,  since  the  switching  between  maps  is 
decided  on  the  basis  of  the  weighted  average  of  the  dif- 
ference  between  the  predicted  acceleration  and  the 

actual  acceleration,  stable  control  is  possible  even  in  the 
specific  condition. 

The  essential  portion  of  a  second  embodiment  of 
the  invention  is  shown  by  the  flow  chart  of  Fig.  25,  which 
is  similar  to  the  flow  chart  of  Fig.  14  in  the  first  embodi- 
ment.  In  this  second  embodiment,  when  step  S506  finds 
from  the  value  of  the  timer  TMETN  that  throttle  opening 
is  changing  rapidly,  control  passes  to  step  S5060  in 
which  the  smoothing  coefficient  KPNO  is  set  to  YKP- 
NOLST,  whereafter  the  average  value  is  calculated  in 
step  S504  in  accordance  with  the  indicated  equation. 
The  coefficient  YKPNOLST  is  set  to  a  very  small  value 
such  as  0.01  .  As  a  result,  since  the  value  for  the  current 
cycle  calculated  in  step  S504  does  not  substantially 
reflect  the  average  value,  the  effect  is  the  same  as  that 
obtained  in  the  first  embodiment  by  not  conducting  the 
calculation  and  holding  the  value  in  the  preceding  cycle. 
The  same  also  applies  when  step  S510  determines  that 
braking  is  in  progress.  Moreover,  when  it  is  found  in 
steps  S520  and  S522  (not  shown  in  Fig.  22  but  the 
same  as  those  in  Fig.  14)  that  the  throttle  opening  is 
changing  rapidly,  a  very  small  negative  smoothing  coef- 
ficient  is  used  with  similar  effect. 

A  third  embodiment  of  the  invention  will  be 
explained  with  reference  to  Fig.  26  which  is  a  portion  of 
Fig.  14.  The  third  embodiment  is  very  similar  to  the  sec- 
ond  embodiment.  More  specifically,  when  step  S532  in 
the  flow  chart,  which  is  almost  identical  to  Fig.  14,  finds 
braking  is  in  progress,  control  passes  to  step  S5320  in 
which  the  smoothing  coefficient  KPKU  is  set  to  YKP- 
KULST,  whereafter  the  average  value  is  calculated  in 
step  S528  as  before  mentioned.  The  coefficient  YKP- 
KULST  is  a  very  small  value  such  as  0.01  similarly  to 
that  in  the  second  embodiment  so  as  to  bring  out  the 
same  effect  as  that  in  the  second  embodiment.  Need- 
less  to  say,  the  same  also  applies  to  a  situation  when 
step  S510  in  Fig.  14  flow  chart  determines  braking  is  in 
progress. 

Fig.  27  shows  a  fourth  embodiment  of  the  invention. 
The  fourth  embodiment  relates  to  an  alternative  tech- 
nique  to  determine  whether  or  not  gear  shifting  is  in 
progress.  That  is,  after  confirming  at  step  S800  that  the 
timer  value  has  reached  zero  and  the  solenoid  valves 
have  changed  their  excitation  pattern,  control  passes  to 
step  S8040  in  which  the  vehicle  speed  is  compared  with 
the  reference  value  VLOW  of  the  aforesaid  area  shown 
in  Fig.  24  in  which  the  engine  output  torque  is  low.  If 
step  S8040  finds  that  the  vehicle  speed  exceeds  the  ref- 
erence  value,  control  passes  to  step  S806  to  start  the 
timer.  On  the  contrary,  if  it  is  found  in  step  S8040  that 
the  vehicle  speed  is  less  than  the  reference  value,  con- 
trol  passes  to  step  S8080  to  determine  if  the  gear  shift 
is  to  be  upshifted  and  moves  to  step  S806  only  when 
the  gear  is  being  shifted  down.  With  the  arrangement, 
since  the  average  value  calculation  is  carried  out  when 
the  vehicle  speed  is  less  than  the  reference  value  and 
gear  is  to  be  shifted  up,  it  is  therefore  possible  to  obtain 
the  averaged  value  at  an  every  control  cycle  when,  for 
instance,  the  vehicle  stops  temporarily  during  hill 
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descending  and  then  starts  to  run  down  once  again,  so 
that  the  map  will  be  immediately  switched  to  that  for  hill 
descent.  And  in  a  situation  other  than  this,  that  is,  to  be 
shifted  in  a  region  other  than  the  area  or  to  be  down- 
shifted  when  the  vehicle  speed  is  below  the  reference 
value,  the  averaged  value  calculation  is  suspended 
when  the  gear  shifting  is  in  progress  as  mentioned  ear- 
lier  and  the  averaged  value  in  the  preceding  cycle  is 
used,  which  can  prevent  the  control  value  from  being 
determined  erroneously. 

Fig.  28  shows  a  fifth  embodiment  of  the  invention. 
When  a  vehicle  is  equipped  with  an  additional  appara- 
tus  such  as  an  air  conditioner  driven  by  the  vehicle 
engine,  engine  output  torque  is  partially  consumed  by 
the  apparatus  in  operation.  Therefore,  if  an  engine  oper- 
ating  parameter  indicative  of  engine  load  is  used  imme- 
diately,  the  index  representing  the  running  resistance 
can  not  be  determined  correctly  and  hence,  proper  shift 
control  could  not  always  be  possible.  In  order  to  over- 
come  the  shortcomings,  the  flow  chart  of  Fig.  9  is 
slightly  altered  as  Fig.  28  in  the  fifth  embodiment. 

In  the  flow  chart,  after  retrieving  the  value 
GGBASE,  control  then  passes  to  step  S2000  in  which  a 
check  is  made  as  to  whether  or  not  an  air  conditioner 
switch  is  made  ON.  As  illustrated  in  Fig.  1  by  a  phantom 
line,  the  air  conditioner  switch  is  provided  and  is  turned 
on  when  an  air  conditioner  equipped  with  the  vehicle  is 
switched  on.  When  step  S2000  finds  that  the  air  condi- 
tioner,  not  shown,  is  in  operation,  control  advances  to 
step  S2002  in  which  a  correction  value  GGCOR  is 
retrieved  from  a  table.  Fig.  29  shows  the  characteristics 
of  the  table  and  as  shown,  the  correction  value  is 
retrieved  using  the  current  engine  speed  as  address 
datum.  Control  then  passes  to  step  S2004  in  which  the 
retrieved  value  is  corrected  by  subtracting  the  correction 
value  therefrom,  and  then  passing  to  step  S202  and 
thereafter,  the  predicted  acceleration  GGH  is  deter- 
mined  in  the  same  manner  as  was  described  in  the  first 
embodiment.  When  step  S2000  does  not  find  that  the 
air  conditioner  is  in  operation,  the  steps  S2002  and 
S2004  are  skipped.  The  reason  why  the  correction 
value  GGCOR  is  set  to  increase  in  approximately  pro- 
portion  as  the  engine  speed  increases  is  that,  because 
a  driven  speed  of  a  compressor  of  the  air  conditioner  is 
increased  as  the  engine  speed  rises,  in  other  words, 
engine  output  consumption  by  the  air  conditioner 
becomes  greater  as  the  engine  speed  increases  due  to 
friction  of  the  compressor.  Although  the  engine  speed  is 
used  for  determining  the  correction  value  GGCOR,  it 
will  alternatively  be  possible  to  determine  the  value 
using  vehicle  speed  or  the  like. 

Fig.  30  and  thereafter  shows  a  sixth  embodiment  of 
the  invention.  When  the  vehicle  speed  is  determined 
through  a  rotational  speed  of  a  vehicle  driving  wheel  in 
the  aforesaid  control,  as  was  detected  through  the 
speed  of  the  transmission  counter  shaft  in  the  first 
embodiment,  a  detected  value  may  be  different  from  a 
true  vehicle  traveling  speed  if  the  drive  wheel  is  being 
slipped.  This  could  be  a  bar  to  determine  the  index 

indicative  of  running  resistance  and  as  a  result,  the  gear 
shift  control  could  be  erred.  Moreover,  a  traction  control 
system,  hereinafter  referred  to  as  "TCS",  has  been  pro- 
posed  to  control  a  fractional  force  of  a  vehicle  in  such  a 

5  drive  wheel  slippage  situation.  And  when  the  vehicle  is 
equipped  with  the  TCS  and  if  the  TCS  operates  so  fre- 
quently,  it  can  be  inferred  that  the  vehicle  is  running  on 
a  road  condition  which  none  of  the  aforesaid  maps  do 
not  expect.  The  sixth  embodiment  aims  to  solve  these 

10  problems. 
Fig.  30  shows  the  control  system  according  to  the 

sixth  embodiment.  Differing  from  that  in  the  first  embod- 
iment  illustrated  in  Fig.  1,  a  second  ECU  (electronic 
control  unit)  70  is  additionally  provided  for  traction  con- 

15  trol.  The  ECU  70  receives  an  output  of  a  speed  sensor 
72  which  detects  a  rotational  speed  of  driven  (free) 
wheels,  not  shown,  of  the  vehicle  and  the  output  of  the 
sensor  42  detecting  the  rotational  speed  of  the  trans- 
mission  countershaft  20  which  is  proportional  to  the 

20  speed  of  the  vehicle  drive  wheels  34,  and  based  on 
them,  calculates  a  speed  ratio  between  the  drive  wheels 
34  and  the  driven  wheels.  The  ECU  70  determines  the 
drive  wheels  are  slipping  if  the  calculated  ratio  is  found 
to  exceed  a  prescribed  reference  value  and  controls  a 

25  fuel  injection  control  system,  an  ignition  timing  control 
system  and  the  like  generally  expressed  as  engine  out- 
put  control  system  74  in  the  figure.  The  ECU  70  has  a 
the  same  structure  as  the  ECU  50  and  they  are  con- 
nected  to  communicate  with  each  other. 

30  Fig.  31  is  a  main  flow  chart  of  the  control  system 
according  to  the  sixth  embodiment.  Tracing  steps  S10  to 
S34  in  the  flow  chart  similarly  to  the  first  embodiment, 
control  passes  to  step  S36  to  calculate  the  average  val- 
ues  PNOAVE,  PKUAVE.  Fig.  32  is  a  subroutine  flow 

35  chart  for  the  calculation  which  is  identical  to  the  flow 
chart  of  Fig.  1  4  in  the  first  embodiment  except  that  steps 
S5000  and  S5002  are  added.  Namely,  it  is  checked  at 
the  first  step  for  calculating  the  average  value  for  hill 
climbing  (S5000)  or  hill  descending  (S5002),  if  a  bit  of  a 

40  flag  TCS1  is  set  to  be  ON  (1)  or  OFF  (0).  The  flag  bit  is 
turned  ON  in  the  second  ECU  70  when  the  TCS  is  in 
operation  and  the  checking  is  carried  out  in  the  first 
ECU  50  by  communicating  with  the  ECU  70.  If  it  is  found 
at  step  S5000  or  S5002  that  the  flag  bit  is  ON,  i.e.,  the 

45  TCS  is  in  operation,  steps  S500  to  S510  or  steps  S516 
to  S538  are  skipped.  As  a  result,  the  calculation  is  sus- 
pended  and  the  average  value  PNOAVE(PKUAVE)n-1 
in  the  preceding  cycle  is  continually  used  to  select  a 
map.  This  means  that  the  map  currently  being  used  will 

so  not  be  changed,  since  the  average  value  is  not 
changed.  With  the  arrangement,  even  if  the  drive 
wheels  slip,  no  error  could  arise  in  the  average  value 
calculation  and  hence  in  the  map  selection.  Needless  to 
say,  control  passes  to  step  S500  and  thereafter  or  to 

55  S516  and  thereafter  to  calculate  the  average  value  if  the 
flag  bit  is  found  to  be  zero  in  these  steps. 

Returning  to  Fig.  31,  control  then  passes,  via  step 
S46,  to  step  S4600  in  which  a  check  as  to  whether  or 
not  a  bit  of  a  second  flag  TCS2  is  set  to  be  ON  is  again 
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made  by  communicating  with  the  second  ECU  70.  The 
second  flag  TCS2  is  turned  its  ON  in  the  second  ECU 
when  frequency  or  repetition  cycles  that  the  TCS  oper- 
ates  (the  number  of  times  at  which  the  TCS  operates  in 
a  predetermined  period)  becomes  larger  than  a  refer- 
ence  value  predetermined.  And  when  step  S4600  finds 
that  the  flag  bit  is  ON,  control  passes  to  step  S42  in 
which  the  average  value  is  forcibly  made  zero,  and  the 
map  for  level-road  running  will  then  be  selected.  This 
means  that  the  aforesaid  hill  climbing  or  hill  descending 
control  is  substantially  discontinued.  Since  such  a  con- 
dition  as  is  experienced  with  frequent  operation  of  TCS 
can  be  presumed  that  the  vehicle  is  running  on  a  road 
such  as  an  iced  road  whose  surface  friction  coefficient 
is  quite  small,  and  the  aforesaid  maps  have  not  expect 
traveling  on  such  a  road.  Although  the  map  for  level- 
road  running  is  selected  at  that  situation,  it  is  preferable 
to  prepare  a  sixth  map  in  advance  and  to  select  the  map 
for  gear  shifting.  The  six  map  will  have  the  characteris- 
tics  in  which  higher  gear  range  is  made  broader  or  in 
which  a  vehicle  can  be  easily  started  at  second  gear.  In 
Fig.  31  flow  chart,  if  step  S4600  finds  that  the  flag  bit  is 
zero,  control  passes  to  step  S48  and  thereafter  as  simi- 
larly  to  the  first  embodiment. 

While  five  types  of  maps  are  used  in  the  embodi- 
ments  explained  in  the  foregoing,  it  is  alternatively  pos- 
sible  to  reduce  the  number  of  maps  used  by  using  the 
same  map  for  moderate  hill  climbing  and  moderate  hill 
descent.  It  is  also  alternatively  possible  to  use  only  a 
single  map  and  to  adjust  the  characteristics  in  accord- 
ance  with  the  average  value  of  the  difference  between 
the  predicted  acceleration  and  the  actual  acceleration. 

In  addition,  while  the  described  embodiments  use 
the  acceleration  as  parameter  indicating  running  resist- 
ance,  the  invention  is  not  limited  to  this  and  it  is  alterna- 
tively  possible  to  use  any  other  parameter  which 
provides  an  index  of  the  running  resistance,  particularly 
of  the  slope  resistance.  Further,  while  the  actual  accel- 
eration  was  calculated  from  the  vehicle  speed,  it  is  alter- 
natively  possible  to  employ  an  acceleration  sensor  for 
detecting  it  directly. 

As  the  parameter  indicating  engine  load  it  is  alter- 
natively  possible  to  use  the  amount  of  depression  of  the 
accelerator  pedal  instead  of  the  throttle  opening  used  in 
the  described  embodiments. 

The  present  invention  has  thus  been  shown  and 
described  with  reference  to  the  specific  embodiments. 
However,  it  should  be  noted  that  the  present  invention  is 
in  no  way  limited  to  the  details  of  the  described  arrange- 
ments  but  changes  and  modifications  may  be  made 
without  departing  from  the  scope  of  the  appended 
claims. 

speed;  second  means  for  obtaining  an  index  indica- 
tive  of  a  running  resistance  of  the  vehicle  based  on 
the  detected  operating  conditions; 
third  means  for  comparing  the  index  with  a  refer- 

5  ence  value  to  determine  if  the  vehicle  is  hill  climbing 
or  hill  descending;  and 
control  means  for  changing  a  gear  shifting  charac- 
teristic  adapted  to  hill  climbing  or  hill  descending  in 
response  to  the  determination  to  carry  out  a  gear 

10  shifting  control  for  hill  climbing  or  hill  descending  in 
accordance  with  the  changed  gear  shifting  charac- 
teristic, 
wherein  said  control  means  discontinues  carrying 
out  the  gear  shifting  control  for  hill  climbing  or  hill 

15  descending  when  the  vehicle  operation  is  in  a  spe- 
cific  condition,  characterized  in 
that  said  specific  condition  is  a  condition  in  which  a 
gear  shifting  is  in  progress,  and  said  control  means 
continues  the  gear  shifting  control  for  hill  climbing 

20  or  hill  descending  if  a  gear  is  to  be  upshifted  at  a 
vehicle  speed  less  than  a  predetermined  speed 
even  when  a  gear  shifting  is  in  progress. 

2.  A  system  according  to  claim  1  ,  wherein  an  appara- 
25  tus  to  be  driven  by  the  vehicle  engine  is  provided, 

and  said  specific  condition  is  a  condition  in  which 
the  apparatus  is  driven  by  the  vehicle  engine. 

3.  A  system  according  to  claim  1  or  2,  wherein  a  trac- 
30  tion  control  system  is  provided,  and  said  specific 

condition  is  a  condition  in  which  the  traction  control 
is  in  operation. 

4.  A  system  according  to  any  of  the  preceding  claims, 
35  wherein  said  automatic  transmission  includes  a  plu- 

rality  of  range  gear  positions  manually  switched  by 
a  driver,  and  said  specific  condition  is  a  condition  in 
which  the  range  gear  is  being  switched  between  the 
positions. 

40 
5.  A  system  according  to  any  of  the  preceding  claims, 

wherein  said  control  means  determines  a  gear 
shifting  in  accordance  with  a  characteristic  which 
has  its  upshifting  point  at  a  position  set  relatively 

45  high  with  respect  to  the  vehicle  speed  when  the 
vehicle  is  determined  to  be  hill  descending,  and 
when  the  engine  load  increases  beyond  the  prede- 
termined  load,  said  control  means  forcibly  changes 
the  characteristic  to  a  characteristic  which  has  its 

so  upshifting  point  at  a  position  set  relatively  less  high 
with  respect  to  the  vehicle  speed. 

Claims 
55 

1  .  A  system  for  controlling  an  automatic  transmission 
of  a  vehicle,  including: 
first  means  for  detecting  operating  conditions  of  the 
vehicle  including  an  engine  load  and  a  vehicle 

13 
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